Background and Purpose-The only Food and Drug Administration (FDA)-approved treatment for acute ischemic stroke is tissue plasminogen activator (tPA) given intravenously within 3 hours of symptom onset. An alternative strategy for opening intracranial vessels during stroke is mechanical embolectomy, especially for patients ineligible for intravenous tPA. Methods-We investigated the safety and efficacy of a novel embolectomy device (Merci Retriever) to open occluded intracranial large vessels within 8 hours of the onset of stroke symptoms in a prospective, nonrandomized, multicenter trial. All patients were ineligible for intravenous tPA. Primary outcomes were recanalization and safety, and secondary outcomes were neurological outcome at 90 days in recanalized versus nonrecanalized patients. Results-Recanalization was achieved in 46% (69/151) of patients on intention to treat analysis, and in 48% (68/141) of patients in whom the device was deployed. This rate is significantly higher than that expected using an historical control of 18% (PϽ0.0001). Clinically significant procedural complications occurred in 10 of 141 (7.1%) patients. Symptomatic intracranial hemorrhages was observed in 11 of 141 (7.8%) patients. Good neurological outcomes (modified Rankin score Յ2) were more frequent at 90 days in patients with successful recanalization compared with patients with unsuccessful recanalization (46% versus 10%; relative risk [RR], 4.4; 95% CI, 2.1 to 9.3; PϽ0.0001), and mortality was less (32% versus 54%; RR, 0.59; 95% CI, 0.39 to 0.89; Pϭ0.01). Conclusions-A novel endovascular embolectomy device can significantly restore vascular patency during acute ischemic stroke within 8 hours of stroke symptom onset and provides an alternative intervention for patients who are otherwise ineligible for thrombolytics.
A pproximately 750 000 strokes occur in the United States annually, of which 85% are ischemic. Ischemic stroke may be caused by occlusion of large (Ͼ2 mm) intracranial arteries, and large-vessel occlusions carry a particularly high mortality estimated between 53% and 92%. [1] [2] [3] [4] Reopening large cerebral vessels would be expected to reduce neurological morbidity and mortality if performed before ischemic brain injury is maximal. Although improved neurological outcome has been demonstrated for patients treated with thrombolytic drugs administered intravenously 5 and via catheter, 6 many patients are ineligible for thrombolytic therapy. A mechanical embolectomy device could be an alternative See Editorial Comment, pg 1439 stroke therapy, especially for patients ineligible to receive thrombolytic agents. The MERCI (Mechanical Embolus Removal in Cerebral Ischemia) trial tested the safety and efficacy of an endovascular device to restore patency of occluded intracranial vessels within the first 8 hours of acute ischemic stroke.
Materials and Methods
The MERCI trial was conducted in 2 parts. Part I enrolled 55 patients and part II enrolled an additional 96 patients, for a total of 151 patients. Part II had an expanded eligibility and longer follow-up than part I as detailed. The results of both parts are combined for the purpose of reporting overall safety and efficacy of the procedure; preliminary results for the first 30 treated patients appear elsewhere. 7 
Study Design and Hypothesis
MERCI was a prospective, single-arm, multicenter trial conducted at 25 United States centers. The study tested whether a mechanical embolectomy device could safely restore vascular patency at a rate exceeding a prespecified rate of spontaneous recanalization in patients presenting within 8 hours of onset of an acute ischemic stroke. The trial design was approved by the Food and Drug Administration (FDA) under an Investigational Device Exemption and by the respective institutional review boards of each study site. Waiver of informed consent was approved by FDA and invoked at 2 study sites for patients who were unable to consent for themselves and for whom no surrogate was available. The study was overseen by an independent data safety monitoring board.
Patient Selection
Patients were eligible who met all of the following criteria: age 18 years or older, signs and symptoms of acute stroke, National Institutes of Health Stroke Scale (NIHSS) score Ն8, a CT scan of the brain excluding hemorrhage, and stroke symptom duration between 3 and 8 hours, or duration between 0 and 3 hours and a contraindication for intravenous tissue plasminogen activator (tPA). After cerebral angiography, eligible patients had to have occlusion of a treatable vessel. Treatable vessels were defined as the intracranial vertebral artery, basilar artery, intracranial carotid artery (ICA), ICA terminal bifurcation, or the middle cerebral artery (MCA) first division (M1). Part II allowed patients with occlusion of the secondary division of the MCA (M2). The patient was defined as enrolled once the balloon guide catheter was placed in the vasculature.
Patients were ineligible for the study if any of the following were true: informed consent was not obtained (and approval for waiver of explicit consent for emergency circumstances had not been obtained at the study site), current pregnancy, serum glucose Ͻ50 mg/dL, excessive tortuosity of cervical vessels precluding device delivery/ deployment, known hemorrhagic diathesis, known coagulation factor deficiency, oral anticoagulation treatment with international normalized ratio (INR) Ͼ1.7 in part I and Ͼ3.0 in part II, use of heparin within 48 hours, and a partial thromboplastin time (PTT) Ͼ2-times normal, platelet count Ͻ50 000/L (Ͻ30 000/L in part II), history of severe allergy to contrast media, sustained systolic blood pressure Ͼ185 mm Hg or diastolic blood pressure Ͼ110 mm Hg despite treatment, CT scan revealing significant mass effect with midline shift or greater than one-third of the MCA region with hypodensity (sulcal effacement and/or loss of gray-white differentiation alone was allowed), Ͼ50% stenosis of the artery proximal to the target vessel, or life expectancy Ͻ3 months.
Embolectomy Procedure
All patients underwent conventional cerebral angiography. Investigators were instructed to perform 4-vessel cerebral angiography before determining eligibility for the trial. After enrollment, patients were given intravenous heparin (3000 U bolus in part I, no bolus specified in part II) during the procedure. The Merci Retrieval System (Concentric Medical, Inc) was tested under an approved FDA protocol. A description of the embolectomy procedure can be found elsewhere. 7 Up to 6 passes with the device were allowed. If flow was restored with 6 or fewer passes of the device, successful recanalization was attributed to the device. Successful revascularization was defined as achieving Thrombolysis In Myocardial Infarction 8 (TIMI) II or III flow in all treatable vessels. Successful recanalization for the MCA required both M1 and M2 branches to be at least TIMI II; for ICA terminal lesions, the ICA, M1, and M2 branches needed to be at least TIMI II, and for the vertebral artery, both the vertebral and basilar arteries needed to be at least TIMI II to be considered recanalized. TIMI scoring of angiography was scored by the individual site investigator who was not blinded to clinical outcome. The status of arterial branches distal to the treatable vessel was not considered when ascribing the TIMI score. If the treatable vessel was not opened to at least TIMI II flow with a maximum of 6 passes with the device, it was considered a treatment failure for the device. Intra-arterial thrombolytics were allowed in cases of treatment failure with the device, or to treat distal embolus not accessible to the device after successful proximal embolectomy. Intravenous heparin after the procedure was allowed at the discretion of the investigator.
Clinical Variables and Measurement of Outcome
Patient demographics, medical history, vital signs, and routine laboratory values were documented on standardized clinical report forms. In part I, the NIHSS and modified Rankin Scale (mRS) scores were obtained at baseline and 30 days. In part II, patients had additional NIHSS and mRS assessments for up to 90 days. CT brain imaging was performed at 24 hours and at any time that there was a decline in patient neurological status. Symptomatic intracranial hemorrhage was defined as a decline of 4 or more points in the NIHSS score within 24 hours with any blood products identified on head CT scan (petechial bleeding, hematoma, or subarachnoid hemorrhage), any intracranial hemorrhage in which no further NIHSS scores were available beyond baseline and the patient died, or any subarachnoid hemorrhage. All 24-hour CT scans were reviewed in a core laboratory and all hemorrhages were adjudicated by the data safety monitoring board. An asymptomatic hemorrhage was defined as any nonsubarachnoid blood on the 24-hour CT or MR scan with no more than a 3-point decline in the NIHSS score.
Primary outcomes were the rate of vascular recanalization and the observed rate of device-related complications. Recanalization was defined as (TIMI) grades II and III flow assessed immediately after treatment with the device. The benchmark for spontaneous recanalization was chosen as 18%, which was the spontaneous recanalization rate 2 hours after initial angiography reported in the control arm of the PROACT-II study. 6 Device-related complications were defined as vascular perforation, intramural arterial dissection, or embolization of a previously uninvolved territory. Procedure-related complications were defined as any device-related complications plus any other complications judged related to the procedure. Clinically significant procedure complications were defined as a procedure complication with decline in NIHSS of Ն4, any subarachnoid hemorrhage, or groin complication requiring surgery or blood transfusion. Secondary outcomes included clinical outcome, as measured by the mRS and NIHSS scores at 30 and 90 days, and the combined events of death, myocardial infarction, and second stroke within 30 days. Good neurological outcome was defined as mRS Յ2, or NIHSS score improvement of 10 points or more.
Statistical Analysis
Primary outcomes are reported based on intention-to-treat analysis; all other analysis is reported for those patients who had the embolectomy device deployed. Each clinical and demographic variable was tested as predictors of good neurological outcome and mortality with Fisher exact test. These variable included baseline NIHSS score, age, gender, race, blood pressure, temperature, glucose, medical history (coronary disease, atrial fibrillation, congestive heart failure, diabetes mellitus, hyperlipidemia, smoking, previous stroke or transient ischemic attack, or endarterectomy), latency to treatment, site of vascular occlusion, revascularization, number of attempts to remove clot, duration of procedure, and use of tPA as adjuvant treatment. Logistical regression of good outcome included all variables with PϽ0.20 from the univariate analysis, then eliminated variables in a forward and backward scheme to arrive at the best model. In case of death, Rankin scores were set to 6 and NIHSS score were set to 42. All analyses were performed using SAS for Windows, version 8.2.
Results
During the study period of May 2001 and December 2003, 1809 patients were screened, and 151 patients were enrolled in the trial ( Figure 1 ). Chief exclusions to screened patients included NIHSS score too low or rapidly improving symptoms, intracranial hemorrhage, or inability to obtain consent. Of the 151 enrolled patients, 10 patients did not have the embolectomy device deployed for the following reasons: spontaneous recanalization of the vessel (nϭ1), occlusion of an ineligible vessel (nϭ1), patient presented outside the 8-hour time window (nϭ1), excessive cervical artery stenosis (nϭ1), excessive tortuosity (nϭ2), thrombus judged too large for the embolectomy device (nϭ1), inability to access the thrombus with a microcatheter (nϭ2), and inability to advance the embolectomy device through the microcatheter (nϭ1). Because the study was designed to investigate the performance characteristics of the embolectomy device, these 10 patients were not followed-up beyond hospital discharge but are included in the intention-to-treat analysis. Of the 141 patients who had the device deployed, 2 patients withdrew consent for follow-up after hospital discharge. One additional patient was lost to follow-up between 30 and 90 days. Baseline and postembolectomy angiography was available for 141 patients, and 90-day mortality was available for 138 patients. Neurological follow-up at 30 days was more complete than at 90 days because part I of the study specified a 30-day follow-up.
Patient demographics and primary outcomes are shown in Table 1 . Recanalization (TIMI II/III) of treatable vessels with the embolectomy device was achieved in 69 of 151 (46%) patients on intention-to-treat basis, which is significantly greater than the expected spontaneous recanalization rate found in PROACT-II 6 of 18% (PϽ0.0001, exact binomial test). Considering the 141 patients who actually had the device deployed, 68 of 141 (48%, PϽ0.0001) patients were recanalized with the device. Postprocedure TIMI scores of treatable vessels were TIMI III (n, %: 34, 24%), TIMI II (34, 24%), TIMI I (26, 18%), and TIMI 0 (47, 33%). In 51 instances, investigators used adjuvant therapy after deployment of the embolectomy device ( Figure 1 ). In 17 cases the occluded artery was opened with the device and intra-arterial tPA was infused into distal vascular branches not accessible by the device. In 17 other instances, the device failed to open the target vessel and adjuvant thrombolytics (nϭ14) or angioplasty/snare (nϭ3) achieved recanalization; these 17 cases were not counted as successfully recanalized by the embolectomy device. Thirty-eight (27%) enrolled patients presented within 3 hours of stroke symptom onset but had contraindication for intravenous tPA. The top 3 contraindications were recent surgery/trauma, decline of consent for tPA, and current oral anticoagulation therapy. Procedural complications occurred in 18 of 141 (13%) patients, and in 10 of 141 (7.1%) these were clinically significant. Three cases of embolization of a previously uninvolved vascular territory occurred (all anterior cerebral artery [ACA] after MCA embolectomy), and one of these was clinically significant. Vascular dissection occurred in 4 patients but led to no immediate clinical consequence. However, 1 of these 4 patients died from a gastrointestinal hemorrhage at 30 days while taking warfarin sodium and was therefore considered clinically significant. Six cases of intracranial vascular perforation were observed during angiography, leading to 2 patients having subarachnoid hemorrhage. Three of these 6 complications were considered clinically significant. An additional 3 cases of subarachnoid hemorrhage were observed without documented vascular perforation and were considered clinically significant. Finally, 3 patients had clinically significant groin hemorrhages requiring surgical repair or blood transfusion.
Symptomatic intracranial hemorrhages occurred in 11 of 141 (7.8%) patients. Five of the 11 patients had subarachnoid hemorrhage, and 6 patients had intraparenchymal hemorrhages. Of these 6 intraparenchymal hemorrhage patients, 2 were large hematomas with mass effect (parenchymal hematoma type 2). 10 Symptomatic intracranial hemorrhages (Figure 2 ) occurred with equal frequency in patients who were treated with the device alone and in those who received adjuvant therapy. Asymptomatic hemorrhages occurred in 39 of 141 (27.7%) patients; none of these hemorrhages was subarachnoid or parenchymal hematoma type 2.
Of the 341 embolectomy devices used during the trial, 11 devices fractured. In 2 patients the device fracture likely contributed to the patient's death. Interviews with the investigators indicated that the majority of fractures occurred from over-torquing the device. The training program and instructions for use were revised and design modifications were made to increase the strength of the device.
Univariate predictors of good neurological outcome are shown in Table I (available online only at http://www. strokeaha.org). In summary, 7 variables predicted a 90-day mRS of 2 or less, including lower baseline NIHSS score, younger age, revascularization success, fewer attempts to remove clot, shorter procedure duration, absence of hypertension, and left-side hemispheric ischemia. Neurological outcomes of patients were more favorable and mortality lower in patients who had successful recanalization with the device (Table 2) . Time from stroke symptom onset to treatment was not associated with neurological outcome. Neurological outcome did not differ by treatment vessel as shown in Table 3 .
Independent predictors of outcome were identified by multivariate modeling. Revascularization was independently associated with good neurological outcome (mRS Յ2) using multivariate logistic regression (Table 4) . Alternately, the absence of recanalization was independently associated with mortality. No clinical or demographic variable was associated with successful revascularization in univariate or multivariate analysis.
Discussion
Rapid restoration of cerebral blood flow is the principle goal of ischemic stroke therapy. The tissue plasminogen activator (tPA) is effective in treating acute ischemic stroke if given intravenously to patients within 3 hours of stroke symptom onset. 5 Intra-arterial thrombolysis extends this time window for patients with MCA occlusions out to 6 hours, 6 and may be combined with intravenous tPA 9 . However, many people are ineligible for intravenous thrombolytic therapy, as were all patients in this trial, either because of time constraints or because of specific contraindication to the drug, and there is no FDA-approved drug for intra-arterial delivery.
The MERCI trial provides data on the safety and effectiveness of endovascular embolectomy in acute ischemic stroke.
Successful revascularization was achieved in 46% of patients on intention-to-treat analysis, and in 48% of patients in which the device was deployed. This is significantly greater than the 18% spontaneous recanalization rate of the middle cerebral artery reported in the PROACT-II study, 6 confirming that the device restores blood flow. Mechanical embolectomy offers an intervention to patients who are otherwise ineligible for thrombolytics and extends the time window up to 8 hours.
Recanalization was achieved within all major cerebral vessels. Occlusion of the intracranial ICA, ICA terminal bifurcation, and vertebrobasilar arteries typically involves a high clot burden that is difficult to dissolve with thrombolytics alone so embolectomy may offer a better means to open these vascular segments. 1, 11, 12 Compared with other vascular segments studied here, however, the revascularization rate was lowest in the MCA. The 45% recanalization of the MCA in the MERCI trial is less than the 66% rate reported with intra-arterial prourokinase. 6 No demographic or clinical variables were associated with failure to achieve revascularization, indicating that there is no justification at present to narrow the entry criteria used in the MERCI study in determining patients who may be selected for the procedure. Seventeen patients whose vessels were not opened with the embolectomy device (and were not counted as an embolectomy success) were later opened with thrombolytic treatment or other mechanical means. Deciding how best to use thrombolytics in combination with the device will require further investigation.
Symptomatic intracranial bleeding occurred in 11 patients. Five of the 11 hemorrhages were subarachnoid and were likely related to vascular perforation. Of the 6 patients with parenchymal blood, only 2 had a hemorrhage large enough to contribute to neurological decline. 10 Therefore, for the purposes of comparison with other trials, the MERCI symptomatic intracranial hemorrhage rate is best estimated at 7 of 141 (5%). This is higher than the rates of intracranial hemorrhage in the placebo arms of the NINDS intravenous tPA trial 5 (0.6%) and the placebo arm of the intra-arterial pro-urokinase trial PROACT-II 6 (2%). However, the MERCI hemorrhage rate is numerically less than the rates of hemorrhage from intravenous tPA (6% in NINDS study 5 ), from combined intravenous/intra-arterial tPA (6% in the IMS trial 9 ), and from intra-arterial prourokinase (10% in PROACT-II 6 ). As a conservative comparison with PROACT-II, the rate of all symptomatic hemorrhages (petechial, hematoma, and subarachnoid) in the MERCI MCA subgroup was 6%. Therefore, the rates of symptomatic intracranial bleeding with embolectomy do not exceed and may be smaller than those from existing treatments for acute ischemic stroke. Clinically significant procedural complications occurred in 10 of 141 (7.1%) MERCI patients. This risk compares similarly to the 6% to 8.8% risk of significant intracranial hemorrhage for intravenous-tPA 5, 13, 14 and 10% hemorrhage risk of intra-arterial prourokinase. 6 The vascular perforation rate seen in MERCI was 4.3%, which is similar to 3.8% seen in the IMS study, 9 and 2.9% using endovascular photoacoustic recanalization. 12 Clinically significant groin complications occurred in 2.1% of MERCI patients compared with 3.8% in the IMS study. 9 Overall, patients treated with mechanical embolectomy face a comparable risk of complication compared with intravenous, intra-arterial, and intravenous combined with intra-arterial thrombolytics.
Overall mortality in the MERCI trial was 44%, which is greater than most prospective trials of acute stroke. Patients selected for MERCI had severe strokes with large vessel intracranial occlusions, and these characteristics are strongly associated with mortality. [1] [2] [3] [4] 15 The MERCI median baseline NIHSS of 19 is the highest of any angiographic-based trial, exceeding that of PROACT-II 6 (NIHSSϭ17) and IMS 9 (NIHSSϭ18). Additionally, 9% of MERCI patients had basilar occlusions, which are associated with 83% to 92% mortality if the vessel fails to open with intra-arterial thrombolytic therapy. 2, 3 Fourteen percent of MERCI patients had occlusions of the terminal ICA bifurcation, which carries a mortality risk of 57% after failed intravenous or intra-arterial thrombolysis. 1 The majority of MERCI patients had MCA distribution strokes, a stroke subtype that carries a 27% to 78% mortality rate if untreated. 4, 6 Compared with the PROACT-II trial that reported a 27% (95% CI, 16% to 38%) mortality rate in the control arm, MERCI patients were 3 years older and had higher NIHSS scores by 3 points. Age and NIHSS are 2 of the most important prognostic factors for mortality as was found in multivariate analysis in this study and elsewhere, 15 suggesting that the greater mortality observed in MERCI compared with PROACT II is related to these differences in study population. Specifically, the mortality for PROACT-II eligible MERCI patients (MCA, age 85 or younger, NIHSS Յ30) was 33% (95% CI, 23% to 46%), which is not significantly different than PROACT-II control patients, suggesting that usage of the device is safe. Therefore, the mortality reported in this trial likely reflects stroke severity, but specific comparison with a concurrent control group would be necessary to confirm this.
Multivariate logistical regression analysis showed that revascularization was an independent predictor of neurological outcome and mortality, suggesting a treatment effect of the device. Other investigators have reported similar findings using thrombolytics in case series. 2,9,16 -19 These results support the pathophysiological assumption that restoration of blood flow improves outcome. However, definitive conclusion of clinical efficacy in treating ischemic stroke will require a control group comparison. The only FDA-approved drug for acute stroke is intravenous tPA within 3 hours of stroke symptom onset. Based on the MERCI trial results, the FDA cleared the MERCI Retriever in 2004 for restoring blood flow in patients experiencing an acute stroke who are otherwise ineligible for intravenous tPA, or in whom intravenous tPA treatment has failed. Mechanical embolectomy offers an intervention to patients up to 8 hours after onset who are otherwise ineligible for thrombolytics.
Editorial Comment Mechanical Embolus Removal A New Day Dawning
We must applaud the resourceful inventors, manufacturer, and investigators of the Merci Retriever device for completing the decade-long odyssey of directing the device through the design, development, study, and Food and Drug Administration (FDA) approval process. A number of devices have failed to climb that hill, falling back in pilot trials despite enthusiasm for their potential. However, previous editorials regarding approval of devices in general, and the potential Pandora's box of approval of the Merci Retriever in particular, 1,2,3 dictate that we evaluate the data that gained its approval as an embolectomy and revascularization device, as finally presented in this journal. The device is intended to restore blood flow in the neurovasculature by removing thrombus in patients experiencing ischemic stroke. 4 The manuscript gives no confirmation that flow restoration in this study is due to thrombus removal (embolectomy), as opposed to clot disruption with proximal revascularization and distal embolization. Aggressive clot manipulation more quickly opens primary occlusions with fibrinolytic agent. 5, 6 No substantive data on wirebased clot manipulation without lytic therapy exists. An abstract from the February 2005 issue of Stroke suggested 50% subject clot removal with use of the Merci device. 7 It was suggested that the 50% who might have a clot removed will be the same 50% that recanalize, and therefore that those who improve are among the 50% with clot removal. Nevertheless, even at that level of effectiveness, it is unclear that the device is doing what it is approved to do, which is to remove clots dependably. This embolectomy and/or revascularization issue seems a regulatory Scyllaand-Charybdis issue that might be of lesser import if clinical trial outcomes had been more impressive.
The primary Mechanical Embolus Removal in Cerebral Ischemia (MERCI) study outcome was the rate of recanalization of the terminal internal carotid artery (ICA-T), M1, M2, or basilar arteries, compared with 18% spontaneous recanalization of M1 or M2 in the Prolyse in Acute Cerebral Thromboembolism II (PROACT II) trial. 8 PROACT II had a central core laboratory for determining TIMI recanalization outcomes. The MERCI study reports Thrombolysis in Myocardial Infarction (TIMI) scores as determined by the operator. Unfortunately, interobserver variability in determination of recanalization efficacy hasn't been validated. An interim report from Interventional Management of Stroke II (IMS II) indicates a 41% discrepency in central laboratory versus operator in ascribing TIMI flow, with the operator usually overscoring.
We still lack a conventional, validated revascularization analysis method, and this is an obstacle to comparing results obtained with one treatment paradigm to those with another. 9 The MERCI manuscript lacks a specific definition of TIMI recanalization as applied in this study, including recanalization of the basilar artery. It seems clear that the authors evaluated recanalization of the primary occlusions in the ICA, M1, M2, and basilar arteries, and did not report distal perfusion or more distal MCA emboli.
The term "TIMI recanalization" or "TIMI perfusion/reperfusion" has been used with different meanings in different case series and studies. It has even been applied to magnetic resonance angiography (MRA) analysis. Recanalization does not equal reperfusion. Arteriographic demonstration of flow restoration, or revascularization, has two components: recanalization of the arterial occlusive lesion and subsequent proximal branches, and reperfusion into the distal arterial bed of the occluded vessel, including terminal branches with tissue staining, as applied in the original TIMI definition as an angiographic perfusion measure. Recanalization of the primary occlusion may be complete, but with variable distal patency and reperfusion because of preexisting emboli or emboli released by the revascularization procedure itself. The effect of distal emboli is not well understood in the setting of intra-arterial thrombolytic therapy, but is generally thought less deleterious than an unrecanalized proximal occlusion. Conversely, recanalization may be incomplete, with or without distal patency and perfusion, predisposing to reocclusion with clinical deterioration. The 2 components of revascularization have been analyzed in IMS I, and both (re)perfusion (taking distal flow and emboli limiting distal antegrade perfusion into account) and recanalization of the primary arterial occlusive lesion, have been associated with higher Rankin 0 to 2 outcome (P. Khatri, unpublished data, 2005). Other treatment paradigms might not achieve that same result.
The MERCI study fails to confirm that the recanalization definition and its application are comparable to those of PROACT II. In the absence of a guarantee of a comparable, reproducible definition of TIMI 2 to 3 reperfusion and its application, comparing the outcomes is difficult. Confirmatory post hoc analysis by the same core laboratory that reviewed arteriograms in PROACT II, using the same criteria, would be comforting. However, the PROACT core laboratory would need a convention for scoring recanalization and flow in revascularization of the carotid T occlusion and basilar artery occlusion, not evaluated in PROACT II.
The major complication rates reported are probably acceptable for patients with large deficits and poor predictable outcomes. Rates of symptomatic intracerebral hemorrhage (ICH) (the Achilles' heel of thrombolytic therapy), as well as asymptomatic ICH, seem acceptable. Vessel ruptures/perforations occurred, as they have elsewhere, including 3 of 64 (4.7%) patients in IMS I with no definite, direct, deleterious effect. 10 Distal emboli are a threat during a revascularization procedure, and 3 emboli to the anterior cerebral artery (ACA) during middle cerebral artery (MCA) revascularization are reported in the MERCI study. However, that same phenomenon also occurs during MCA microcatheter thrombolysis: of 101 MCA occlusions in IMS I, and a local registry, 4 new ACA occlusions occurred during thrombolysis. Analysis of ACA emboli during 55 ICA-T occlusion thrombolysis treatments indicates 25% of patients had demonstrable occlusion beyond the A1 segment (A2-4) branches prior to therapy. Therapy led to 15% new, distal occlusions, not previously demonstrated, after therapy. In most T occlusions, ipsilateral ACA flow is maintained via the opposite carotid artery through the anterior communicating artery. Distal ACA emboli may lead to reduced collateral flow with MCA occlusion, which may be critical when MCA recanalization does not occur. New occlusions do occur during therapy, and we must find a way to identify and measure the effect of not only those in previously uninvolved distributions such as the ACA, but also more distal emboli in the MCA. Using both a vessel recanalization score, a perfusion score, a combination of both, or some other perfusion measure, may give us that insight. One treatment paradigm or device may differ from another in creating, or negating, secondary emboli. 11 It is hard to digest the results so heavily weighted to historical comparison to observations from PROACT II, but with the primary and secondary efficacy outcome measures reversed. Certainly a drug that achieved 66% vessel recanalization seems as worthy of approval as a device with 50% recanalization. If the PROACT II study's primary efficacy outcome were based on the same recanalization measure, it succeeded more admirably than MERCI. Any revascularization study (performed in a reasonable time window) that examines Rankin 0 to 2 outcomes in recanalizers versus nonrecanalizers should prove effective! Recanalization has been shown to be associated with favorable outcome in numerous case series and studies. If the PROACT II study's secondary efficacy outcome were Rankin 0 to 2 outcomes in recanalizers versus nonrecanalizers, it may have been as or more successful than MERCI. Favorable secondary historical comparisons of the MERCI MCA group to the control group of PROACT II is tantalizing, but may be a siren's song to be avoided. Other variables may be confounding.
The mortality expected in the target group may be overstated according to other historical data. In the National Institute of Neurological Disorders and Stroke (NINDS) trial, mortality in the control group for patients of National Institutes of Health Stroke Scale (NIHSS) score Ͼ20, where the likelihood of a major occlusion must have been high, was 33%, compared with 43.5% overall mortality in the MERCI treated group. Mortality was 54.2% in the MERCI nonrecanalized group, increasing to 71% where adjuvant therapy was further applied unsuccessfully. This might be interpreted that the therapy attempt can do harm, and the more you do, the more harm can be done. The goal to reopen the vessel must first be tempered with recognition that 13% of the control group of NINDS with NIHSS score Ͼ20, and 25% of the control group of PROACT II, achieved independence.
Technical improvements are being made in the device. The device is appropriately being studied further in the Multi-MERCI registry and MR-Rescue Trial. The device will be included for use in the forthcoming IMS III Trial, where 900 patients will be randomized to standard-dose IV alteplase versus reduced-dose alteplase followed by arterial intervention. Multi-Merci and IMS III may show that the device is more effective when applied at 3 to 4 hours after unsuccessful lytic therapy, rather than at 6 hours as in the MERCI trial. MR-Rescue should show that the device can be applied effectively up to 8 hours in subjects selected on the basis of diffusion/perfusion mismatch. Adjuvant therapies must be controlled and limited in these studies so that the issues of efficacy of the device aren't clouded by safety issues introduced by superimposed therapies with untested safety allowances, and limited further predictable benefit.
Certainly we have seen the rosy dawning of a new day in ischemic stroke therapy study. However, the MERCI device should be viewed as a stop along the path, and not the end of the journey itself.
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